Abstract. Urethral ultrasonography is non-invasive and able to indicate the urethral lumen clearly, as well as the surrounding tissues of the posterior urethra, without contrast agent or X-ray irradiation. In this paper, we evaluate the reliability of urethral ultrasonography in the diagnosis of dysuria following bipolar transurethral plasma kinetic prostatectomy (TUPKP). A total of 120 benign prostate hyperplasia (BPH) patients with dysuria undergoing TUPKP were enrolled in this study, with a mean age of 72.8 years. All the patients received urethral ultrasonography, urethroscopy and bladder neck urethra stenosis oulectomy. Among the 120 cases, there were 22 cases of bladder neck closure, 20 bladder orifice stricture, 60 urethral stricture, 10 prostate remnants, 2 calculi in prostatic urethra, 4 dysfunction of bladder detrusor muscle and 2 flap of internal urethral orifice. χ 2 -test was used for the comparison of ultrasonography and urethral cystoscopy in the diagnosis of dysuria following TRPKP, and no significant difference was found between two diagnostic tools (χ 2 = 0.94, P > 0.05). Urethral ultrasonography is a reliable and minimally invasive diagnostic tool for dysuria following TUPKP and is conducive to early treatment of dysuria following prostatectomy.
Introduction
Benign prostate hyperplasia (BPH) is a common disease in Department of Urinary Surgery where various minimally invasive therapies are extensively used. However, a number of patients still develop dysuria after such minimally invasive therapies, which was previously diagnosed mainly by urethrography and urinary cystoscopy. 806 BPH patients who underwent bipolar transurethral plasma kinetic prostatectomy (TUPKP) between July 2006 and January 2011 in our center were retrospectively reviewed, and 120 patients complicating with postoperative dysuria were enrolled in this study. Ultrasonography was used for the diagnosis of postoperative dysuria. The report is presented as follows. 1 These authors contributed equally to this study. 
Patients and methods

Patients
A total of 120 male patients developed dysuria (for 1∼6 months) after TUPKP (3 months∼3 years ago). Among them, 42 cases were complicated with urinary tract infection, 22 with diabetes, 10 with coronary artery diseases and 15 with hypertension. The mean age was 72.8 years (61 to 87 years). Before TUPKP, all patients were evaluated with digital rectal examination (DRE), transrectal ultrasonography (TRUS). Besides, the International Prostate Symptom Score (IPSS), quality of life score (QoLs), urodynamics assessment as well was prostate-specific antigen (PSA) were also evaluated. This study was approved by local Ethical Committee. All work was conducted in accordance with the Declaration of Helsinki (1964), and informed consents were obtained from all subjects.
Ultrasonography
The 120 patients received urethral ultrasonography (GE730, GE Company, USA) at a frequency of 6-12 MHz. A transrectal probe was used for examination of posterior urethra and a superficial one was used for examination of anterior urethra. When bladder was full of urine, external orifice of urethra was clamped with a penile clamp. Patients received urethral ultrasonography in a lateral position. The patients were asked to keep breath-holding urination state while the posterior urethra was observed with the anterior one in a supine position. Horizontal and longitudinal multi-section scans were performed. A normal human urethra is soft and elastic and internal urethral orifice is open during voiding. A representative sonogram manifestation was that the expanded urethra was substituted by liquid lucent space and the liquid flew into the distal urethra; then the profile was clear and the boundaries were completely smooth. The ultrasonography and urethroscopy results as well as findings during the surgery were analyzed and compared.
Results
Of the 120 patients, 22 presented with bladder neck closure, 20 with bladder orifice stricture (Fig. 1) , 32 with membranous urethra stricture, 24 with pars cavernosa urethra stricture, 10 with prostate remnant, 2 with calculi in prostatic urethra and 2 with internal urethral orifice flap. The membranous urethra stricture had a length of 1.5∼10 mm and an inner diameter of 1.5∼4.2 mm in the narrow segment, while the pars cavernosa urethra stricture had a length of 5.1∼16.0 mm and an inner diameter of 2.1∼3.2 mm in the narrow segment. Results of urethral ultrasonography in these patients were completely consistent with the findings of urethral cystoscopy. No abnormal findings were detected in urethral ultrasonography of 8 patients. Urethral cystoscopy revealed that 4 patients had stenosis at external orifice of urethra and the other 4 patients had detrusor dysfunction with urodynamics study. Ultrasonography and urethral cystoscopy were used in combination in diagnosis of dysuria following TRPKP (Table 1) . The results of ultrasonography in 112 cases showed an effective rate of 93.33% in diagnosis of postoperative dysuria, while the results of urethral cystoscopy in 116 cases had an effective rate of 96.67%. All data were analyzed by using SPSS 12.0 software (SPSS Inc, Chicago, IL). χ 2 -test was used for comparison of ultrasonography and urethral cystoscopy in the diagnosis of dysuria following TRPKP, while no significant difference was demonstrated between two diagnostic tools (χ 2 = 0.94, P > 0.05).
Discussion
Bipolar transurethral plasma kinetic prostatectomy (TUPKP) has achieved an increased popularity worldwide currently due to the decreased incidence of electrotomy syndrome and increased safety with intraoperative saline irrigation. Despite the success in safety, some complications can still occur with TUPKP. The incidence of urethral stricture was 1.8%∼8.8% [1, 2] , which had no significant difference compared with common electrotomy or electro vaporization resection. Although urethrography is commonly used in the diagnosis of urethral stricture, a better tool is needed due to its inaccurate measurements in the length of narrow segment and X-ray radiation to physicians and patients during examination. Song, et al. reported that magnetic resonance imaging (MRI) could accurately localize urethral stricture and surrounding urethral scars, thus providing useful information in certain clinical situations, particularly posterior urethral trauma, and in the evaluation of the periurethral soft tissues [3] . However, MRI is relatively expensive. El-Ghar et al. reported that the role of MRI in analyzing the length of urethral stricture and the extent of scar was equivalent to urethrography and urethral ultrasonography, whereas MRI had advantages in detecting urethral stricture related soft tissue pathology [4] . Additionally, the threedimensional reconstruction was more commonly used in medical diagnosis. El-Kassaby and Sa reported three-dimensional spiral computed tomography/cysto-urethrography (CTCUG) and reconstruction pictures could provide physician preoperative evidence for better surgical planning and consequently better results of posterior urethral stricture [5, 6] . Ultrasonography has got increased attention in the diagnosis of urethral stricture due to its characters such as presenting direct and real-time images as well as accurate information of exterior and interior structures of urethral lumen during urethral operations with good repeatability and without X-ray radiation [7] .
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The prostate, the cavernous body of the urethra and the lower border of the pubic symphysis, can be clearly shown in ultrasonography. The normal structure around the membranous urethra is hypoechoic. Its distal end is engorged bulbar urethra, which is smooth and beak-shaped, whose anterior aspect is just at the level of the lower border of pubic symphysis. With the help of apex of prostate, the membranous urethra can be well displayed by ultrasonography, as well as changes of structures of engorged urethral lumens and surrounding structures. Therefore, it is easy to locate and measure the length of urethral strictures and area of urethral stricture related peripheral scar using ultrasonography [8] . The urethral stricture in sonogram is presented as anechoic limitation in urethral cavity expansion, echo enhancement and thickening in the cavernous body and a strong echo accompanied by acoustic shadow in serious scar tissues. Moreover, the other urethral stricture related lesions could also be displayed, such as the secondary calculus, periurethral abscesses, diverticulum and false passages. Dynamic observation of fluid through the narrowed part of the urethral together with computer synchronizing acquisition and storage are helpful in the real-time monitoring of the narrowed segment. Urethrography alone can not measure the depth and extent of the scar possibly due to the overlap of contrast agent and inappropriate angels of photographs, which may, therefore, underestimate the length of urethral stricture. However, ultrasonography showed superiority in detecting scars around the narrowed segment and measuring the extent, which further determines the degree of spongiosum fibrosis and classification of urethral stricture. The degree of spongiosum fibrosis has critical effects on future therapies, preoperative planning and prognosis of urethral stricture. The ultrasonography is not only used in the repetitive real-time examination for the suspected lesions, but also in intraoperative monitoring to improve the accuracy and safety of the surgical procedures.
Among causes of secondary dysuria after TUPKP, such as urethral stricture, bladder neck closure, prostate remnant, calculi in the prostatic urethra, dysfunction of detrusor muscle of bladder and flap of internal urethral orifice, urethral stricture is the most common [9] . Common sites of postoperative urethral stricture are external orifice, suspension part, membranous part, prostate part of urethra and internal orifice. After clinical data in previous studies and this study was analyzed, the risk factors of postoperative urethral stricture were summarized as follows: 1) patients' physical conditions, such as scar formation, poor nutritional status or diabetic [10] ; 2) injuries after excessive traction of the catheter or banding of the catheter by using absorbent gauze that compresses the penis, as well as a too thick catheter compressing the urethral mucosa and causing ischemia [11] ; 3) inappropriate techniques such as forced insertion of the resectoscope into the urethra cause injury in the external orifice and the mucosa, resulting in postoperative urethral scar and stricture; 4) a large-sized prostate or unskilled technique during the operation, leads to an excessive operation time or repeated operation causing urethral injuries; 5) a too deep resection in neck of bladder or a too large power in vaporized resection leads to postoperative fibrosis; 6) the residual disinfectant damages the urethral mucosa resulting in postoperative strictures; not well controlled preoperative inflammation in the urinary system and improper postoperative care. Urethral stenosis usually presents with dysuria one month after electrotomy. The urethral ultrasonography manifestations of urethral stricture were as follows: 1) elevated echo of the urethral mucosa, a rough and narrow lumen, as well as limited opening of the narrow part during voiding; 2) scar tissues present as isoechoic, hyperechoic or heterogeneous echogenic mass protruding into the cavity: scar located in the bulbar urethra can lead to a better expansion of the urethral wall during voiding thus having little effect on urination; while scar in the membranous urethra can cause significant narrowing of the lumen so that urethra expansion is limited during urination; 3) different degrees of expansion proximal to the stenotic part; 4) absence of a normal funnel-shaped prostate fossa and a rough cavity rather than a smooth one, with hyperechoic or echogenic mass protruding into the cavity in the narrow part and failure to open the internal urethral orifice during urination in ultrasound of the prostate fossa [12] .
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Calculus of urethra in prostatic part was commonly formed in necrotic glandular tissues which usually presents as postoperative dysuria as well as further emiction interruption, hematuria and odynuria. Urethral ultrasound may reveal hyperechoic calculus in prostatic urethra accompanied by acoustic shadow. One case in this study had prostatic stones which were not detected by urethrography. Residual prostatic glandular tissues are more commonly seen in relatively bigger prostate with an inadequate resection of apex, leaving residual glandular tissues on both sides to constitute a closed phenomenon. It often presents as dysuria after TUPKP. Urethral ultrasonography may demonstrate isoechoic prostatic tissue nodules are protruding into the cavity of the prostatic urethra, which partially leads to urethral stricture during voiding. The flap of internal urethral orifice was rarely seen, which is more commonly observed in patients with prostate protruding towards the bladder and dysuria with emiction interruption is often seen postoperatively. Urethral ultrasonography may show an echogenic band in internal urethral orifice with one end attached to the urethral wall and the other end free with some activities during voiding. And the urination will be obstructed when the free end points to the urethral lumen. Of 120 cases in this study, two patients with flap of the internal urethral orifice were diagnosed by ultrasonography while not detected by contrast. Detrusor dysfunction usually presents as dysuria. Urinary ultrasonography may indicate closed urethra during resting and successful posterior urethral opening during voiding without stricture. Likewise, four patients were diagnosed with detrusor muscle dysfunction by urodynamics study.
Urethral ultrasonography is non-invasive and able to indicate the urethral lumen clearly, as well as the surrounding tissues of the posterior urethra, without contrast agent or X-ray irradiation. It is an ideal diagnostic tool in determining the localization and characters of the lesion and is useful in intraoperative monitoring for urethral stricture. However, urethral ultrasonography is not satisfactory for the display of the external urethral orifice, which is usually a time-consuming and complicated procedure, while urethrography is more reliable in detecting the urethral axial ray, false passage and pelvic deformity. Therefore, urethroscopy and urethrography should be used to examine such lesions and deformities.
